Abstract：The purpose of the study is carried out volume optimization of a combined system consisting of an LNT and SCR catalysts from the standpoint of its economic feasibility and de-NOx performance.
Introduction
Regulations on both mobile and stationary sources of exhaust emissions have become progressively stringent in recent years as the problem of environmental pollution has considerably worsened due to the exhaust gases from vehicles as well as from industrial flue gas stacks. Above all, the exhaust emission standards for vehicles have become particularly strict 1) . As diesel engines have . A favorable after-treatment system to overcome NOx reduction and NH3 slip in the Euro 6 regulation is a combined system consisting of LNT and SCR catalysts, and this has been investigated by several groups 1, [4] [5] [6] [7] [8] . Among them, some studies have been conducted to improve the de-NOx performance using two stages and reformer installation for a combined system of LNT and SCR catalysts [9] [10] .
Our previous studies examined the de-NOx performance according to the changes of the catalyst volume of a combined system of LNT and SCR catalysts by an experiment involving a model gas reaction 1, 7) .
Furthermore, the estimation of the de-NOx performance of the combined system of LNT and SCR catalysts has not been reported from the standpoint of its de-NOx performance and economic feasibility for practical applications. The purpose of the study is to derive the volume optimization of the combined system of LNT and SCR catalysts from the standpoint of its economic feasibility and de-NOx performance.
Experimental setup and method
The diesel oxidation catalyst (DOC), catalytic diesel particulate filter (CDPF) and LNT catalysts used in the engine experiment are commercial catalysts for vehicles. An SCR catalyst consisting of Cu-ZSM-5-ZrO2 (2wt%) was prepared by ourselves in the laboratory to improve the catalytic activity at low temperature. The Cu-ZSM-5-ZrO2 catalyst was prepared by the conventional liquid-phase ion-exchange method 11) .
The supplier(DOC, CDPF and LNT) cannot be combined system were introduced in our previous study 12) . Three LNT+SCR volume ratios were used, 1+1, 1.5+0.5 and 0.5+1.5, as a variable for volume optimization(ex. 1+1, 500cc+500cc). 
where MR is the mass of fuel injected at a rich air-fuel ratio, ML is the mass of fuel injected at a lean air-fuel ratio, TR is the time of fuel injection at the rich air-fuel ratio, and TL is the time of fuel injection at the lean air-fuel ratio.
Experimental results and discussion

Exhaust emissions from the combined system
The evaluation of the de-NOx performance of the combined system of LNT and SCR catalysts (Cu-ZSM-5-ZrO2(2wt%)) in the single cylinder diesel engine was carried out with the consideration of the operating conditions of the engine. The diesel engine emitted 500ppm of NOx under medium load and speed conditions 13) . Table 3 shows the concentrations of exhaust gases at lean and rich air-fuel ratios. This experiment was carried 
De-NOx performance of the combined system
In our previous study 7) , the experiment of the model gas reaction was performed in the temperature range of 150-600℃ and the characteristics of NOx conversion and NH3 slip, as well as the N2O slip, which is a global warming gas, were investigated according to the volumetric combination of the LNT and SCR catalysts. We investigated the optimal catalyst ratio of the LNT(commercial) and SCR catalysts in a single cylinder engine experiment. At this point, a catalyst volume of 500cc is assumed to be 1. 
Economic feasibility of the combined system of LNT and SCR catalysts
The economic feasibility of the combined system of LNT and SCR catalysts was evaluated considering the NOx conversion and the emission characteristics of the various harmful substances of the combination systems, which are based on the results of the model gas experiment of our previous studies 1, 7) and the single-cylinder engine experiment. Table 4 shows the results of the evaluation of the economic feasibility and de-NOx performance for the combined system of LNT and SCR catalysts. In Table 4 , the score of the parameters is estimated as follows. The cost score about (a)
prices of the basic after-treatment system for de-NOx is 100 points. In terms of economic, the score is subtracted from 100 points as the increase ratio because cost increase ratio is losses. The score of the (b), (e) NOx conversion is equal to the NOx conversion rate. In the case of the score of (c) NH3 slip, if the score for an NH3 concentration of 0ppm is 100 points, that for an NH3 concentration of 10ppm or more is 0 points, and the score for intermediate concentrations is
proportional to the concentration. In Table 4 , the weight factor of each item is assigned a value of 100 and those of N2O and CO are assigned a value of 1/2(=50) that of the other items, because N2O is less important than the other gases and CO has high activity on the catalyst.
If the score (d) for N2O concentration of 0ppm is 100points, that for concentration of 50ppm or more is 0 points, and the score for intermediate concentrations is proportional to the concentration.
In case of the score (f) for CO concentration, 0ppm concentration is 100points, that for concentration of 50ppm or more is 0 points, and the score for intermediate concentrations is
proportional to the concentration. Table 5 is the price of the basic catalyst units required to perform the economic feasibility study of the combination system. Here, the price used for the after-treatment system of DOC, DPF, and LNT was taken to be the price of mass production of the catalyst manufacturer. It is calculated for the combined system of LNT and SCR catalysts with the displacement volume of 2 L diesel passenger car and the volume ratio (catalyst/engine displacement) refers to the results in the literatures 5, 9, [13] [14] [15] . The score is calculated by subtracting the rate from 100, because the cost increase is considered to be the loss from the economic viewpoint based on the cost of the basic configuration of the DOC+ CDPF+LNT system. As mentioned above, the scores for each item are used for the evaluation of the economic feasibility of the catalyst based on the results of the model gas experiment 7) and of the single-cylinder engine experiment. the cost increase of the 0.5+1.5 combination is about 5.8%
higher than that of the basic configuration of the DOC+CDPF+LNT system. The cost increase of the 0.5+1.5 combination is lower than that of the others, but it is not an effective increase due to the poor NOx conversion. The NOx conversion of the 1+1 combination is 5% lower than that of the 1.5+0.5 combination, however the reduced volume of the LNT catalyst decreases the total cost by about 6%. Therefore, the optimal volume ratio of the LNT and SCR catalysts is 1+1 combination, which has the highest total score.
Conclusions
The purpose of the study is carried out volume optimization of a combined system consisting of an LNT and SCR catalysts from the standpoint of its economic feasibility and de-NOx performance.
Under the rich air-fuel ratio conditions for 5s (Φ =1.1), CO, H2 and THC were generated at levels of 4%, 1.2% and 110ppmC1, respectively. The NOx conversion of the 1+1 combination is 5% lower than that of the 1.5+0.5 combination, however the reduced volume of the LNT catalyst decreases the total cost by about 6%. Therefore, the optimal volume ratio of the LNT and SCR catalysts was the 1+1 combination, which has the highest total score. In conclusion, the 1+1 volume combination was found to be the optimal volume ratio considering the economic feasibility and de-NOx performance of the combined system of LNT and SCR catalysts.
